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CALIBRATION DEVICE, SIGNAL
PROCESSING DEVICE, AND USER
INTERFACE FOR THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of copending Interna-
tional Application No. PCT/EP2013/068369, filed Sep. 5,
2013, which is incorporated herein by reference in its
entirety, and additionally claims priority from German
Application 102012215820.0, filed Sep. 6, 2012, which is
also incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Embodiments of the present invention relate to a calibra-
tion device, a signal processing device for an HF signal and
to a user interface for the signal processing device as well as
a method for calibrating and operating the same.

Signal processing devices are, for example, channel or
payload simulators where an HF signal (high frequency
signal) is fed in and output again in modified form. The
modifications applied to the HF signal correspond approxi-
mately to the signal changes that would result when trans-
mitting the HF signal under real conditions via a channel
(such as a telecommunication channel or a satellite connec-
tion) due to spurious influences. In that way, such signal
processing devices can simulate how an HF signal would
reach the receivers after transmission via a channel (signal
path). In the following, such a signal processing device or
such a channel simulator according to conventional tech-
nology will be discussed based on FIG. 3.

FIG. 3 shows a channel simulator 10 having an input stage
12, a signal processing stage 14 and an output stage 16. The
input stage 12 can, for example, comprise an analog-to-
digital converter, a signal mixer, amplification elements and
attenuation elements (not shown). Analogously, the output
stage 16 comprises a digital-to-analog converter and further
amplification or attenuation elements (not shown). Since
signal processing is performed in a digital manner, i.e., after
converting a real power (in dBm) into a digitally represented
number (dB), the signal processing device 14 is imple-
mented in the form of a digital addition mixer.

For simulating a transmission path with the signal simu-
lator 10, the input stage 12 is provided with an ideal HF
signal 18 (payload signal), which is digitized with the
analog-to-digital converter 12a¢. In the signal processing
stage 14, the digitized payload signal is modified according
to a modification signal 20, or subject to different spurious
influences, such as noise, nonlinear distortions, linear dis-
tortions (filter), or amended according to a channel module
for multi-path propagation. For this, for example, the pay-
load signal is superimposed by the modification signal 20
and subsequently converted again into an analog HF signal
in the output stage 16 and output as simulated signal 22
(including the modification portions 20). Since the signal
processing device 10 only has a limited control range,
typically, the level of the payload signal 18 is adapted in the
input stage 12 or in the output stage 16 by means of
amplification or attenuation elements. Thus, the payload
signal 18 can be transmitted from the input to the output with
an adjustable defined amplification (after calibration).
Amplification adaptation of the payload signal 18 is per-
formed, for example, such that during analog-to-digital
conversion in the analog-to-digital converter of the input
stage 12, and during digital-to-analog conversion of the
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combined payload signal in the output stage 16, a good
signal/noise ratio is obtained. Here, it has to be noted in
particular that the power of the sum signal during signal
processing (cf. signal processing stage 14) of the payload
signal 18 can and should normally be amended.

Here, the approximate amplification of the input stage 12
and the output stage 16 is adjusted by the user. An exact
control of the signal level is only possible with the help of
external measurement equipment. Thus, the user can only
indirectly determine whether the selected amplification
adjustment is appropriate. A further conventional solution is
the automatic gain control (AGC) illustrated in FIG. 3. The
same is arranged between input stage 12 and signal process-
ing stage 14 and thus regulates the amplification of the
payload signal 18 in the digital domain. For this, the
automatic gain control 13 comprises a multiplication mixer
13a and an amplification element 135 which is implemented
to measure the digitized payload signal 18 (power detection)
and to compare the same to internally generated signals. In
the next step, the amplification element 135 provides the
mixer 13a with an amplification signal, such that the digi-
tized payload signal can be adapted. For controlling the
adaptation, the signal for power detection is typically
branched off after the mixer 13« in the amplification element
135 such that a feedback loop is formed in the digital
domain. In other words, the mixer 13a of the automatic gain
control 13 changes the digital values representing a real
power (e.g., in dBm) such that no amplification in the
classical sense takes place, but only conversion of the digital
signal values for the HF signal 18. Switching the amplifi-
cation or provision with an amplification signal mostly
results in an undesirable interference of the payload signal
18. Further, undesirable cross sensitivities result in the sense
that, for example, adding a modification signal 20 simulta-
neously reduces the power of the payload signal at the
output. Further, the control of the input hardware is not at an
optimum, since the correct control is only adapted subse-
quently in a digital manner and spurious signals as well as
noise levels contribute to the amplification. All internally
generated signals 20 which were added to the payload signal
18, corrupt the output power (which has been determined,
for example, prior to determining a test signal). Thus, the
user has to subsequently calculate level changes by the
modification signal 20, since the signals 20 additionally
added by the user are not considered when setting the
amplifications. Thus, there is a need for an improved
approach.

SUMMARY

According to an embodiment, a calibration device for a
signal processing device including an input stage, a signal
processing stage and an output stage, may have: an output
stage calibrator including a test signal source adapted to be
coupled to the output stage, a feedback channel connectable
between output of the output stage and input of the input
stage, and a signal analyzer adapted to be coupled to the
input stage, wherein the test signal source is implemented to
provide a test signal to the output stage, which can be
supplied to the input stage via the feedback channel after
processing by the output stage, wherein the signal analyzer
is implemented to analyze the test signal after processing by
the input stage and to determine, based on the analysis,
deviations of an actual output amplification of the output
stage at a set output amplification of the output stage and/or
deviations of an actual input amplification of the input stage
at a set input amplification of the input stage, wherein the
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calibration device includes an input stage calibrator, which
includes a calibration signal source adapted to be coupled to
the input of the input stage and the signal analyzer adapted
to be coupled to the input stage, wherein the calibration
signal source is implemented to provide a calibration signal
to the input stage, wherein the signal analyzer is imple-
mented to analyze the calibration signal after processing by
the input stage and determine, based on the analysis, devia-
tions of an actual input amplification of the input stage at a
set input amplification of the input stage.

According to another embodiment, a method for calibrat-
ing a signal processing device including an input stage, a
signal processing stage and an output stage, may have the
steps of: calibrating the output stage with the substeps
providing a test signal to the output stage, returning the test
signal to the input stage after processing by the output stage
and analyzing the test signal after processing by the input
stage to determine deviations of an actual output amplifica-
tion of the output stage at a set output amplification of the
output stage and/or deviations of an actual input amplifica-
tion of the input stage at a set input amplification of the input
stage, wherein the method includes the step of calibrating
the input stage prior to calibrating the output stage, wherein
calibrating the input stage includes the substeps of providing
a calibration signal to the input stage and analyzing the
calibration signal after processing by the input stage, in
order to determine deviations of an actual input amplifica-
tion of the input stage at a set input amplification of the input
stage, wherein the deviations of the actual input amplifica-
tion are considered in the step of calibrating the output stage.

Another embodiment may have a computer program
having a program code for performing the inventive method
when the program runs on a computer.

Embodiments provide a calibration device for a signal
processing device comprising an input stage (with adjustable
input amplification), a signal processing stage and an output
stage (with adjustable output amplification). Additionally,
the calibration device comprises at least one output stage
calibrator including a test signal source adapted to be
coupled to the output stage, a feedback channel connectable
between output of the output stage and input of the input
stage, and a signal analyzer adapted to be coupled to the
input stage. This signal source is implemented to provide a
test signal to the output stage, which is supplied to the input
stage via the feedback channel after signal processing by the
output stage. The signal analyzer is implemented to analyze
the test signal after signal processing by the (possibly
already calibrated) input stage and to determine, based on
the analysis, deviations of an actual output amplification of
the output stage at a set output amplification of the output
stage and/or deviations of an actual input amplification of
the input stage at a set input amplification of the input stage.
Since the test signal is transmitted both via the output stage
and the input stage, prior to the analysis of the same,
deviations of the output and input stage and, when knowing
the deviations of input stage or a calibrated input stage the
deviations of the output stage can be determined, such that
these deviations can be compensated in a subsequent step.

Embodiments of the present invention are based on the
knowledge that both the amplification of the input stage and
the amplification of the output stage result in undesired
signal influences. The same can be determined in the form
of set-actual deviations during calibration, such that the
undesired influences of the input and output stage or the
deviations resulting in the same (for example as a result of
component tolerances, aging or temperature effects) can be
compensated. Calibration is performed such that a test signal
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is supplied to a signal analyzer via the output stage and the
input stage, wherein deviations occurring in the transmission
chain (output and input stage) result from the ratio of the
measured signal level and the known test signal of the test
signal source. Thus, starting from an already calibrated input
stage at an already selected set input amplification of the
same (depending on the HF signal to be processed), with
selected set output amplification, the deviations of the actual
output amplification of the output stage can be directly
detected.

Thus, according to further embodiments, the calibration
device comprises an input stage calibrator that is imple-
mented to determine, by means of the signal analyzer,
deviations of an actual input amplification of the input stage
at a selected set input amplification of the input stage. For
this, the signal analyzer analyzes a calibration signal which
originates from a calibration signal source coupled directly
to the input of the input stage.

According to further embodiments, based on the devia-
tions of the output and input stage, a calibration data set can
be determined, based on which the deviations of the actual
output amplification of the respective set output amplifica-
tion and the actual input amplification at the respective set
input amplifications can be compensated by means of an
amplification element of the signal processing device. This
amplification element can either be a separate amplification
element in the transmission chain between input and output
stage or an already existing amplification element, such as
an amplification element of the input stage. Thus, it is
advantageously possible to compensate deviations caused
by temperature variations, aging or component tolerances
both on the input side and the output side. The method for
determining the calibration data can also be performed in an
automated manner, since it does not necessitate user inter-
action. For automating the amplification adjustment or the
calibration further, according to further embodiments, the
signal analyzer can be implemented such as to analyze an
HF signal to be processed as regards to its signal level and
to select, based on the analysis result, the amplification of
the input stage accordingly, such that the signal processing
device can be operated in the correct control range.

Further embodiments relate to a user interface for user-
friendly adjustment of the set input amplification and set
output amplification, which allows defining the same based
on previously determined input reference level and output
reference levels. Further, according to further embodiments,
transmission amplification can be defined by the user, such
that the amplification of the HF signal to be processed can
be additionally adapted in the signal processing path.

Further embodiments relate to a signal processing device
comprising an input stage with adjustable set input ampli-
fication, an output stage with adjustable set output amplifi-
cation, a signal processing stage between input and output
stage and a memory having first calibration data stored
thereon. Based on these first calibration data, at least devia-
tions of the actual output amplification of the output stage
can be compensated for each set output amplification of the
same. Advantageously, the calibration data stored in the
memory also include second calibration data, based on
which additionally deviations of an actual input amplifica-
tion of the input stage for each set input amplification can be
compensated, or combined calibration data where the first
and second calibration data are combined.

Further embodiments provide a method for calibrating the
above signal processing device. The method comprises
calibrating the output stage with substeps “providing a test

signal to the output stage”, “returning the test signal to the



US 9,438,357 B2

5

input stage after processing by the output stage” and “ana-
lyzing the test signal after processing by the input stage” in
order to determine deviations of an actual output amplifi-
cation of the output stage and/or deviations of an actual input
amplification of the input stage.

A further embodiment provides a method for operating
such a signal processing device with the steps “determining
a signal level of an HF signal to be processed”, to select,
based on the same, a set input amplification of the input
stage, “selecting first and second calibration data based on
the determined signal level and/or based on the frequency
range of the HF signal to be processed”. Further, the method
comprises the step of “changing the HF signal to be pro-
cessed or superimposing the HF signal to be processed with
a correction signal according to the selected first and second
calibration data” in order to compensate, when processing
the HF signal, deviations of an actual output amplification of
the output stage at a specific set output amplification at the
output stage and deviations of an actual input of the input
stage at a specific set input amplification of the input stage.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings, in which:

FIG. 1a is a schematic block diagram of a calibration
device for a signal processing device according to an
embodiment;

FIG. 15 is a schematic block diagram of a calibration
device in combination with a signal processing device
according to embodiments;

FIG. 2 is a schematic block diagram of a signal processing
device according to an embodiment; and

FIG. 3 is a schematic block diagram of a conventional
signal processing device.

DETAILED DESCRIPTION OF THE
INVENTION

Before embodiments of the present invention will be
discussed in more detail below based on the accompanying
drawings, it should be noted that similar and equal elements
are provided with the same reference numbers, such that the
description of the same is inter-exchangeable or can be
applied to one another.

FIG. 1a shows a calibration device 30 for a signal
processing device 10 (e.g. a channel or payload simulator or
part of a spectral analyzer) comprising an input stage 12, a
signal processing stage 14 and an output stage 16 (dotted
elements). According to the above statements, the input
stage 14 can comprise an adjustable amplifier and an analog-
to-digital converter, wherein the output stage 16 can com-
prise a digital-to-analog converter and another adjustable
amplifier. Since signal processing is performed in a digital
manner, the signal processing stage 14 can be implemented,
for example as addition mixer or multiplication mixer in
order to add, for example, a modification signal 20.

In the simplest implementation of an output stage cali-
brator 32, the calibration device 30 comprises a (digital) test
signal source 34, a feedback channel 36 and a signal
analyzer 38. The test signal source 34 is connected to the
output stage 16 on the input side, i.e., is coupled into the
signal processing device 10 between the signal processing
stage 14 and the output stage 16. On the output side, the
feedback channel 36 connects the output stage 16 to the
input of the input stage 12, such that a feedback loop is
formed. The signal analyzer is connected to the output of the
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input stage 12, i.e. the same taps off the (digital) signal of the
input stage 12 prior to the signal processing stage 14, and is
implemented to evaluate the digital values for the signal (test
signal or HF signal 18) applied to the input side and thus to
determine the level of the signal applied to the input side.

Starting from an already calibrated input stage 12 or
already known deviations of the input stage 12, the devia-
tions of an actual output amplification of the output stage 16
at a respective or selected set output amplification can be
determined by means of a measurement with a known test
signal (e.g., an alternating signal or sinusoidal signal having
a frequency f adapted to the HF signal to be processed) of
the test signal source 34. Here, it should be noted that the
deviations depend on a respective frequency of the test
signal. Thus, the test signal of known control is selected such
that the same is equal to or comparable to the payload signal
18 to be transmitted, or in particular to the frequency range
of'the signal 18 to be transmitted. Further, deviations depend
on the selected output and input amplifications, since the
amplification elements of the input and output stage might
not show linear behavior. Thus, calibration is performed for
each input and output amplification stage, which are again
selected in dependence on the HF signal 18 and the simu-
lated HF signal 22 to be output.

Thus, after selecting the suitable amplification adjustment
(set output amplification) of the output stage 16, the output
stage calibrator 32 determines the maximum output power
by means of the signal analyzer 38. This determined value
is referred to as output reference level and represents the
actual output level for the respective set output amplification
(and the set input amplification).

The deviation of the actual output amplification from the
set output amplification is determined by the ratio between
output reference level and the control of the digital test
signal of the test signal source 34. This ratio is referred to as
output gain. For different application stages and/or fre-
quency ranges, for example, different output gains (actual
output amplifications) or, in general, calibration data, can be
stored in a lookup table (not shown). These first calibration
data comprise data for compensating the deviation of the
actual output amplification prevailing according to the situ-
ation. Further, the deviations of the actual input amplifica-
tion are taken into account in these calibration data or
generally during calibration.

In order to be able to perform complete calibration of the
signal processing device 10 according to the embodiment,
the calibration device 30 comprises an input stage calibrator
40 that is implemented to determine deviations of the actual
input amplification for each set amplification. The input
stage calibrator 40 uses, on the one hand, the existing signal
analyzer 38 and additionally comprises a calibration signal
source 42 connected to the input of the input stage 12.
During calibration of the input stage 12, a calibration signal,
for example a chirp signal, is output via the calibration
signal source (e.g., noise source, comb generator, chirp
signal generator) where the power is approximately known
(but does not have to be exactly known). This calibration
signal is processed via the input stage 12 and analyzed by the
signal analyzer 38. Analogously to the output stage calibra-
tor 32, the input stage calibrator 40 determines the devia-
tions in that it determines, for each amplifier adjustment of
the input stage 12, the relative control of the calibration
signal digitized by means of the analog-to-digital converter
of the input stage 12. Since the power of the calibration
signal source 42 is (approximately) known, an analog power
level (e.g., in dBm) can be determined for the maximum
control of the input stage 12 at each set input amplification.
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This value represents the actual input amplification and can
be allocated to an input reference level corresponding to a
desired or expected analog input level (maximum power of
the HF signal 18). Thus, for each set input amplification, an
actual input amplification is determined. Further, the con-
nection between analog power level of the calibration signal
and the respective digital sample after A/D conversion can
be determined. This ratio for each set input value (amplifier
adjustment) is referred to as input gain and symbolizes the
respective deviation of the input stage 12. Analogously to
the above embodiment, the input gain (actual input ampli-
fication) can be stored in the lookup table or database
together with the input reference level.

In this regard, it should be noted that it is sufficient in
practice that the calibration signal of the calibration signal
source 42 is only approximately known, since the exact
deviations of the overall device, i.e., the output stage 16 and
the input stage 12 are determined by means of the output
stage calibrator 32 (via the ratio between test signal of the
test signal source 34 and the allocated level—output gain—
determined by means of the signal analyzer 38). The input
reference level is in particular used for adjusting the set
amplification of the input stage 12 or to select the same with
the aim of obtaining a good control of the analog-to-digital
converter of the input stage 12. These input reference levels
are used when selecting the set input amplification which is
selected in dependence on the level of the HF signal 18 to
be processed. It should further be noted that also during
determining the deviation between the actual input ampli-
fication, the frequency dependency can be considered by the
input stage calibrator.

In the following, the above stated values are defined in
more detail exemplarily based on formulas, such that the
dependency of the same is shown. The signal level applied
to the input stage 12 “Pin_analog”, e.g. of the HF signal 18
or the calibration signal, is determined by the power spectral
density (PST) of the frequency-dependent signal source
(noise source (f)) by integration via the input bandwidth.
Here, the input bandwidth is typically predetermined and
can approximately be determined from the 3 dB bandwidths
of the power spectral density in the samples. The power
“Pmeasurement means” measured by the signal analyzer 38
is determined, for example by averaging across the squared
absolute values of the samples in the signal analyzer. The
input gain can be determined based on the two above stated
values by division: input gain=Pmeasurement means/Pi-
n_analog. The conversion of the same into the unit dB is
performed by the formula Input Gain [dN]=10%*log 10 (Input
Gain).

With reference to FIG. 15, a combination of the calibra-
tion device 30 and signal processing device 10 will be
discussed, in particular with focus on the compensation of
the deviations within the signal path between input stage 12
and output stage 16.

FIG. 15 shows the calibration device 30 with the output
stage calibrator 32 and the input stage calibrator 40 in
combination with a signal processing device 10'. According
to an embodiment of FIG. 1a, the calibration device 30
includes the calibration signal source 42, the signal analyzer
38, the test signal source 34 as well as the feedback loop 36.
This signal processing device 10' includes the input stage 12
comprising an amplification element 12a and an analog-to-
digital converter 125, the signal processing stage 14 and the
output stage 16 comprising a digital-to-analog converter 165
and an amplification element 16a. Here, it should be noted
that the adjustable amplification elements 12a¢ and 16a are
analog amplification elements and are thus arranged on the
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input side in the input stage 12 and on the output side in the
output stage 16. Further, the signal processing device 10'
comprises a further amplification element 50, here a digital
amplification element 50, which is provided between the
input stage 12 and the signal processing device 14.

This amplification element 50 is informationally coupled
to the calibration device 30 and can be realized, for example,
in the form of a digital mixer (cf. FIG. 3), which is
implemented to adapt the digital values representing the
analog levels. In this embodiment, the test signal source 34
can be coupled into the signal path of the processing device
10" via a switch 52, wherein the switch 52 is arranged
between the signal processing device 14 and the output stage
16. Further, the feedback channel 36 is also implemented in
a switchable manner. For this, a further switch 54 is provided
at the input of the input stage 12, by means of which the
input of the input stage 12 can be selectively coupled either
to the feedback path 36, the signal source of the HF signal
18 or the calibration signal source 42.

By means of these two switches 52 and 54, the calibration
can be controlled or activated. During activated calibration
(cf. calibration mode), the input stage 12 is connected to the
calibration signal source 42 by means of the switch 54. In the
next step, as described above, the input reference level and
the actual input amplification or the input gain are deter-
mined by varying the set input amplification of the ampli-
fication element 12a. Then, with selected amplification
adjustment of the amplification element 124, the input stage
12 is coupled to the feedback channel 36 by means of the
switch 54. For determining respective output reference lev-
els (allocation of a set output amplification to a desired
analog output level) and the actual output amplification, the
output stage 16 is coupled to the test signal source 34 by
means of the switch 52. When applying a test signal, then,
the output reference level and the actual output amplification
or the output gain are determined by varying the set output
amplification of the amplification element 16a. Regarding
the deviations and output reference levels determined in that
way, calibration data can be determined and can be stored in
a lookup table, which can be arranged, for example, between
the signal analyzer 38 and the digital amplification element
50. These calibration data can either exist in combined form
or in divided form, wherein the first calibration data set
serves to compensate deviations of the output stage 16 and
the second calibration set to compensate deviations of the
input stage 12. Based on these calibration data, an amplifi-
cation factor or also attenuation factor can be determined,
based on which the digital signal in the signal path between
input stage 12 and signal processing stage 14 is adapted such
that the deviations of the input and output stage 16 can be
compensated. Apart from the compensation of the devia-
tions, the amplification element 50 also serves to adapt the
transmission signal according to a transmission amplifica-
tion (carrier gain). For this purpose, the amplification ele-
ment 50 is provided with a correction signal, according to
which the deviations are compensated, and an optional
transmission amplification signal.

This calibration mode can either be performed prior to the
operation of the signal processing device 10', automatically
when switching on the signal processing device 10" by
means of auto-calibration or by the factory. With reference
to FIG. 2, a further signal processing device 10" is discussed,
where factory calibration has been performed.

FIG. 2 shows the signal processing device 10" which
includes the input stage 12, the output stage 16, the signal
processing stage 14 and the amplifier element 50 arranged
between the input stage 12 and the signal processing stage
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14. Further, the signal processing device 10" comprises
calibration data 58, which are stored, for example, in the
memory. These calibration data 58 exist in the form of a
lookup table (for example as database or lookup table of the
output gain for each amplifier adjustment of the output stage
16), such that the correct calibration data 58 can be selected
in dependence on the current signal processing task. The
signal processing task depends in particular on the frequency
of the HF signal 18, the level and the set input amplification
of the input stage 12 connected to that level. Further, the
calibration data are selected in dependence on the set output
amplification of the output level 16, which again depends on
the desired simulated signal 22 and the manipulation signal
20 added by means of the signal processing device 14.
During operation, based on the calibration data 58 stored
in the database or, more accurately, based on the input
reference levels (e.g., by using a software), a suitable set
input amplification, and based on the output reference level,
a suitable set output amplification are selected. Here, opera-
tion is facilitated by a user interface (not shown) which is
informationally connected to the calibration data memory 58
of' the signal processing device 10" and configures the signal
processing device 10" as a result of user interaction. The
user interface, which can be realized, for example, in the
form of a computer program, queries the user for input
reference level, output reference level and carrier gain
(transmission amplification, additionally desired amplifica-
tion or attenuation of the (payload) signal between HF input
and HF output), and calculates the respective amplifier
adjustment of the input stage 12, the output stage 16 and the
amplification implement 50 by means of the previously
determined calibration data 58. Based on the set input
amplification determined by means of the input reference
level, the allocated input gain is determined by the user
interface. In a next step, with the help of the calibration data
58 and the output reference level stored within the same, a
suitable set output amplification is selected for each user
input. The same depends on the maximum power which the
user wishes to be output at the output of the signal process-
ing device 10". Here, apart from the (amplified) payload
signal, the user interface also considers the spurious signals
20 added by the same, for example noise or signals from an
arbitrary generator. Based on the set output amplification,
determining the allocated output gain is performed auto-
matically by means of the calibration data 58. By combining
the determined input gain and output gain, the amplification
of the digital payload signal by the amplification element 50
is defined under consideration the carrier gain desired by the
user. Thus, the carrier gain determines a level ratio between
the digitized input signal and the manipulation signal 20.
Also, both amplification and attenuation of the digitized
input signal can be performed by the amplification element
50. Since the transmission device 10" optionally also per-
forms band limiting, the carrier gain relates to the frequency
or the frequency range with maximum amplification. As a
consequence, the amplification element or composition
component 50 amplifies the payload signal according to the
carrier gain, wherein both the deviations of the actual output
amplification and the actual input amplification are compen-
sated. By means of a control display, the user can be
informed about the actual control on the input and output
side. Since in this concept the amplification is determined
based on the calibration data 58 according to the user input,
and not automatically readjusted as in FIG. 3, interferences
due to the amplification adjustment are avoided. Further, the
amplification (carrier gain) for the payload signal remains
constant, even when the set input and/or set output ampli-
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fication (input or output reference level) are changed. Based
on the calibration data and the selected set input amplifica-
tion or set output amplification, the behavior of the signal
processing device 10" is traceable and hence predictable for
the user.

According to further embodiments, the signal processing
device 10" can comprise a terminal between the input stage
12 and the amplification element 50 for the signal analyzer,
a coupling device (cf. switch 52 of FIG. 15) for a test signal
source between the signal processing stage 14 and the output
stage 16 as well as terminals for a feedback channel for a
calibration signal source, such that the above described
calibration device 30 can be connected to the signal pro-
cessing device 10".

With reference to the signal analyzer 38 of FIGS. 14 and
15 it should be noted that the same can also be used for
determining the level of the HF signal 18, such that based on
the determined level, the set input amplification of the input
stage 12 can be set automatically. When determining the
level of the HF signal 18, the set input amplification can be
changed until the signal analyzer 38 determines a level
which lies within the control range typically defined by the
analog-to-digital converter of the input stage 12.

As already stated above, for an amplifier adjustment of the
input stage 12, i.e., for the correct selection of the set input
amplification, the input reference level is used. Here, control
reserves for HF signals 18 with non-constant envelope can
be considered. Further, other safety factors can be consid-
ered, since the ratio between maximum signal and average
signal (peak to average ratio) of the HF signal 18 is typically
not known when selecting the amplifier adjustment. Analo-
gously, these safety factors and/or control reserves can be
considered in the output reference levels.

Thus, concerning the embodiment for storing the calibra-
tion data, it should be noted that the above stated safety
factors or control reserves are stored together with the input
reference level and the output reference level.

With respect to FIG. 15, it should be noted that the
amplification element does not necessarily have to be real-
ized as described above in a digital manner by means of a
mixer adding a correction signal, but also other means, such
as an analog amplification element can be used for amplifier
adjustment.

Further, it should be noted that the user interface of the
transmission device 10" can be connected to an optional
signal analyzer, such that determining the level of the
applied HF signal 18 and hence the determination of the
input reference level can be performed automatically.

While some aspects have been described in the context of
a device or apparatus, it is obvious that these aspects also
represent a description of the respective method for cali-
brating and operating the signal processing device 10, 10'
and 10", such that a block or a component of an apparatus
can also be considered as a respective method step or feature
of a method step. Analogously, aspects that have been
described in the context of or as a method step also represent
a description of a respective block or detail or feature of a
respective apparatus. Some or all method steps can be
performed by a hardware apparatus (by using a hardware
apparatus, such as a microprocessor, a programmable com-
puter or an electronic circuit). In some embodiments, some
or all of the important method steps can be performed by
such an apparatus.

Depending on specific implementation requirements,
embodiments of the invention can be implemented in hard-
ware or in software. Implementation can be performed by
using a digital memory medium such as a floppy disk, a
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DVD, a Blu-Ray disk, a CD, an ROM, a PROM, an
EPROM, an EEPROM or FLASH memory, a hard drive or
any other magnetic or optical memory on which electroni-
cally readable control signals are stored that can cooperate
or cooperate with a programmable computer system such
that the respective method is performed. Thus, the digital
memory medium can be computer-readable.

Thus, some embodiments according to the invention
comprise a data carrier comprising electronically readable
control signals that are able to cooperate with a program-
mable computer system such that one of the methods
described herein is performed.

Generally, embodiments of the present invention can be
implemented as a computer program product having a
program code, wherein the program code is effective to
perform one of the methods when the computer program
product runs on a computer.

The program code can, for example, also be stored on a
machine-readable carrier.

Other embodiments comprise the computer program for
performing one of the methods described herein, wherein
the computer program is stored on a machine-readable
carrier.

In other words, an embodiment of the inventive method is
a computer program comprising a program code for per-
forming one of the methods described herein when the
computer program runs on a computer.

Thus, a further embodiment of the inventive method is a
data carrier (or digital memory medium or computer read-
able medium), wherein the computer program for perform-
ing one of the methods described herein is recorded.

Thus, a further embodiment of the inventive method is a
datastream or a sequence of signals representing the com-
puter program for performing one of the methods described
herein. The datastream or the sequence of signals can, for
example, be configured such as to be transferred via a data
communication connection, for example, via the Internet.

A further embodiment comprises a processing means, for
example a computer or programmable logic device that is
configured or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer on which the
computer program for performing one of the methods
described herein is installed.

A further embodiment according to the invention com-
prises an apparatus or a system that is implemented to
transmit a computer for performing at least one of the
methods described herein to a receiver. This transmission
can be performed, for example, electronically or optically.
The receiver can, for example, be a computer, a mobile
device, a memory device or a similar apparatus. For
example, the apparatus or system can include a file server for
transmitting the computer program to the receiver.

In some embodiments, a programmable logic device (for
example a field programmable gate array, FPGA) can be
used to perform some or all functionalities of the methods
described herein. In some embodiments, a field program-
mable gate array can cooperate with a microprocessor to
perform one of the methods described herein. Generally, in
some embodiments, the methods are performed by means of
any hardware apparatus. The same can be universally usable
hardware, such as a computer processor (CPU) or hardware
specific for the method, such as an ASIC.

While this invention has been described in terms of
several advantageous embodiments, there are alterations,
permutations, and equivalents which fall within the scope of
this invention. It should also be noted that there are many
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alternative ways of implementing the methods and compo-
sitions of the present invention. It is, therefore, intended that
the following appended claims be interpreted as including
all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

The invention claimed is:

1. Calibration device for a signal processing device com-
prising an input stage, a signal processing stage and an
output stage, comprising:

an output stage calibrator comprising a test signal source

adapted to be coupled to the output stage, a feedback
channel connectable between output of the output stage
and input of the input stage, and a signal analyzer
adapted to be coupled to the input stage,

wherein the test signal source is implemented to provide

a test signal to the output stage, which can be supplied
to the input stage via the feedback channel after pro-
cessing by the output stage,
wherein the signal analyzer is implemented to analyze the
test signal after processing by the input stage and to
determine, based on the analysis, deviations of an
actual output amplification of the output stage at a set
output amplification of the output stage and/or devia-
tions of an actual input amplification of the input stage
at a set input amplification of the input stage,

wherein the calibration device comprises an input stage
calibrator, which comprises a calibration signal source
adapted to be coupled to the input of the input stage and
the signal analyzer adapted to be coupled to the input
stage,
wherein the calibration signal source is implemented to
provide a calibration signal to the input stage,

wherein the signal analyzer is implemented to analyze the
calibration signal after processing by the input stage
and determine, based on the analysis, deviations of an
actual input amplification of the input stage at a set
input amplification of the input stage.

2. Calibration device according to claim 1, wherein, based
on the deviations of the actual output amplification at the set
output amplification, first calibration data can be deter-
mined, based on which the deviations of the actual output
amplification at the set output amplification can be compen-
sated by means of an amplification element of the signal
processing device.

3. Calibration device according to claim 1, wherein the
output stage calibrator is implemented to determine the
deviations in dependence on a differently selected set input
amplification of the input stage and/or the set output ampli-
fication of the output stage.

4. Calibration device according to claim 1, wherein the
output stage calibrator is implemented to determine the
deviations in dependence on different frequencies of an HF
signal to be processed.

5. Calibration device according to claim 1, wherein the
output stage calibrator is implemented to consider, during
the analysis of the deviations of the actual output amplifi-
cation at the set output amplification, deviations of an actual
input amplification of the input stage at a set input ampli-
fication of the input stage.

6. Calibration device according to claim 1, wherein the
test signal output by the test signal source is a known
alternating signal, sinusoidal signal or continuous signal.

7. Calibration device according to claim 1, wherein the
signal analyzer is implemented to determine a signal level of
a signal output by the input stage.

8. Calibration device according to claim 1, wherein, based
on the deviations of the actual input amplification at the set
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input amplification, second calibration data can be deter-
mined, based on which the deviations of the actual input
amplification at the set input amplification can be compen-
sated by means of an amplification element of the signal
processing device.

9. Calibration device according to claim 2, comprising a
memory with a look-up table where the first and/or further
calibration data can be stored.

10. Calibration device according to claim 2, comprising
the amplification element that is implemented to change a
digital signal to be processed in the signal processing device
according to the first calibration data and/or according to
further calibration data, or to superimpose the same with a
correction signal, such that the deviations of the actual
output amplification at the set output amplification and/or
further deviations are compensated.

11. Calibration device according to claim 7, wherein the
output stage calibrator is implemented to automatically
determine the deviations of the actual output amplification at
the set output amplification, after having determined, by
means of the input stage calibrator, the deviations of the
actual input amplification at the set input amplification, and

wherein the calibration device is implemented to calcu-

late, based on the deviations of the actual output
amplification at the set output amplification and the
deviations of the actual input amplification at the set
input amplification, combined calibration data, based
on which the deviations of the actual output amplifi-
cation and the actual input amplification can be com-
pensated by means of an amplification element of the
signal processing device.

12. Calibration device according to claim 11, wherein the
signal analyzer is implemented to determine a signal level of
an HF signal to be processed, and wherein the calibration
device is implemented to determine the set input amplifica-
tion based on the determined signal level.

13. Method, performed by a calibration device, for cali-
brating a signal processing device comprising an input stage,
a signal processing stage and an output stage, comprising:

calibrating the output stage with the substeps providing a

test signal to the output stage, returning the test signal
to the input stage after processing by the output stage
and analyzing the test signal after processing by the
input stage to determine deviations of an actual output
amplification of the output stage at a set output ampli-
fication of the output stage and/or deviations of an
actual input amplification of the input stage at a set
input amplification of the input stage,
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wherein the method comprises the step of calibrating the
input stage prior to calibrating the output stage,

wherein calibrating the input stage comprises the substeps
of providing a calibration signal to the input stage and
analyzing the calibration signal after processing by the
input stage, in order to determine deviations of an
actual input amplification of the input stage at a set
input amplification of the input stage,

wherein the deviations of the actual input amplification

are considered in the step of calibrating the output
stage.
14. Method according to claim 13 which is repeated for
each selected set input amplification of the input stage
and/or for each frequency range of an HF signal to be
processed.
15. Method according to claim 13 comprising the step of
changing the HF signal to be processed according to a
transmission amplification selected via the user interface.
16. Computer program embodied on a non-transitory
computer-readable medium and comprising a program code
for performing, when the program runs on a computer, a
method performed by a calibration device, for calibrating a
signal processing device comprising an input stage, a signal
processing stage and an output stage, the method compris-
ing:
calibrating the output stage with the substeps providing a
test signal to the output stage, returning the test signal
to the input stage after processing by the output stage
and analyzing the test signal after processing by the
input stage to determine deviations of an actual output
amplification of the output stage at a set output ampli-
fication of the output stage and/or deviations of an
actual input amplification of the input stage at a set
input amplification of the input stage,
wherein the method comprises the step of calibrating the
input stage prior to calibrating the output stage,

wherein calibrating the input stage comprises the substeps
of providing a calibration signal to the input stage and
analyzing the calibration signal after processing by the
input stage, in order to determine deviations of an
actual input amplification of the input stage at a set
input amplification of the input stage,

wherein the deviations of the actual input amplification

are considered in the step of calibrating the output
stage.



